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Abstract 
Light trapping is essential for thin-film silicon solar cells due to their thin absorber layers. Textured surfaces are 
widely used to scatter light, thereby increasing the pathlength of light in these solar cells. In a-Si:H solar cells 
different interfaces can be textured, e.g. the glass/TCO (transparent conductive oxide) interface, the TCO/a-Si:H 
interface, or the rear TCO/Al (rear reflector) interface. Nano-textured TCOs are widely used for scattering light at the 
TCO/a-Si:H interface. Additionally, it was shown that micro-texturing of the glass/TCO interface is effective for light 
scattering, especially in the long-wavelength range. Aluminium induced texturing (AIT) is a method to texture glass 
surfaces. Previous studies have shown that AIT glass increases the quantum efficiency of micromorph thin-film solar 
cells in the long-wavelength range. In this contribution, the Advanced Semiconductor Analysis (ASA) software is 
used to investigate the effect of textured interfaces on the absorption enhancement of single- and double-junction a-
Si:H thin-film solar cells. Surface morphologies of AIT glass (micro-textured) and a commercially available TCO-
coated glass (whereby the TCO is nano-textured) are examined. The results suggest that nano-texturing increases the 
parasitic absorption in the TCO and the p-doped silicon layer, thus decreasing the blue response of the solar cell. 
However, absorption in the intrinsic layer is significantly enhanced in the long-wavelength region. Particularly in the 
double-junction a-Si:H solar cells on AIT micro-textured superstrates, the current is enhanced in both the top and the 
bottom cell. 
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1. Introduction 
Due to thin absorber layers in thin-film silicon solar cells, it is essential to enhance optical absorption 
in the absorber layer to improve the device efficiency. Textured surfaces are widely used for light 
scattering, thereby increasing the pathlength of light in these solar cells [1]. In a-Si:H solar cells, different 
interfaces can be textured e.g. the glass/TCO (transparent conductive oxide) interface, the TCO/a-Si:H 
interface, or the rear TCO/rear reflector interface [1-6]. Nano-textured TCOs are widely used for 
scattering light at the TCO/a-Si:H interface [2, 3, 7]. Additionally, it was shown that micro-texturing of 
the glass/TCO interface results in efficient light scattering in the long-wavelength range [8]. The world 
record efficiency for micromorph solar cells (Oerlikon Solar, 11.9% stabilised cell efficiency [9]) was 
achieved by using a combination of a glass texture and a TCO texture. Aluminium induced texturing (AIT) 
is a versatile method to texture glass surfaces [10], whereby the resulting feature size is of the order of 1 
m (‘micro-textured surface’). Our studies have shown that AIT glass increases the quantum efficiency of 
micromorph thin-film solar cells in the long-wavelength region. Optical absorption enhancement in 
polycrystalline silicon on glass thin-film solar cells using AIT glass has also been demonstrated [11].  
 
In this contribution, we investigate the simulated light absorptance of an a-Si:H cell on a typical nano-
textured TCO surface, an AIT micro-textured glass surface and, as a reference, a planar glass surface. The 
goal of this investigation is to show the possible advantages of glass micro-texturing for a-Si:H solar cells. 
The light absorption was calculated using the Advanced Semiconductor Analysis (ASA) [12] software. 
2. Method 
Important input parameters of the optical simulation with the ASA software are the optical constants of 
the various layers in the cell structure, as well as the scattering properties of the rough interfaces (haze 
value and angularly resolved scattering as a function of wavelength). The investigated a-Si:H cells were 
constructed in the superstrate configuration. The thicknesses of the various layers are: glass 3.3 mm, front 
TCO 1.0 m, silicon solar cell 460 to 505 nm, back TCO 100 nm, and Al back reflector 100 nm. The 
thicknesses of the various layers (p, i, n) of the solar cell are summarised in Table 1. The optical constants 
of Asahi-U SnO2 and a-SiC:H, used for the TCO layers and p-doped amorphous silicon carbide layer, 
respectively, were taken from ASA reference files. 
Table 1. Layer thicknesses of the single- and double-junction a-Si:H solar cells. 
Cell structure 
Single-junction  
a-Si:H (nm) 
Double-junction a-Si:H 
Top cell (nm) Bottom cell (nm) 
p-doped (a-SiC:H) 15 15 25 
intrinsic (a-Si:H) 420 60 360 
n-doped (a-Si:H) 25 20 25 
 
For simplicity, we assumed only one textured interface in the system, which is the interface between 
the front TCO and the p-doped amorphous silicon carbide. The assumption is made due to the fact that 
most of the scattering happens at the interfaces with high refractive index contrast. The surface 
morphologies of AIT glass (micro-textured) and a commercially available nano-textured TCO are used as 
exemplary structures in this work and are shown in Fig. 1. In our absorption calculation we have assumed 
a conformal growth of the TCO film on top of the AIT glass. In addition, we have assumed the TCO/p-
doped a-SiC:H interface is the scattering interface. 
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a) rms = 51 nm b) rms = 87 nm c)
Fig. 1. Atomic force microscopy (AFM) image of (a) the nano-textured TCO morphology and (b) the micro-textured AIT 
morphology that is assumed at the TCO/a-Si:H interface. c) Schematic cross section of the superstrate test structure (not to scale).
The resulting optical scattering properties of the rough TCO/p-doped a-SiC:H interface are calculated
and used for the optical simulation. The haze value of each sample was calculated according to the Eq. (1) 
[1]:
22exp1 nH rmsT .  (1)
Here HT rms and are transmission haze, RMS roughness and wavelength, respectively. represents 
the difference in refractive indices between the two media. The angularly resolved scattering (ARS) of the
rough surfaces was calculated from atomic force microscopy (AFM) images of the textured surfaces
shown in Fig. 1. For this calculation we used the Fourier transformation of the phase modulation of light
passing through the rough interface (see Ref. [13] for details). The method was adopted to simulate the
ARS. The resulting absorption of this defined structure with and without the rough interface is presented
in the paper. The Jsc of the structures was calculated assuming an internal quantum efficiency of 100% for 
all wavelengths.
3. Results and discussion
Table 2 shows the calculated current density of the single- and double-junction a-Si:H solar cells on 
different superstrates. Looking at the current density of the single-junction a-Si:H cell on different 
superstrates, we can see that the current density increases on both the nano-textured and the AIT micro-
textured surface. However, our calculations show that micro-textured glass results in a higher current 
density for the same structure.
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Table 2. Calculated current density Jsc of the cells on different superstrates. 
Substrate 
Single-junction 
a-Si:H  
(mA/cm2) 
Double-junction a-Si:H  
Top cell 
(mA/cm2) 
Bottom cell 
(mA/cm2) 
Planar 12.3 5.6 5.5 
Nano-textured 13.0 5.5 6.2 
Micro-textured 14.0 6.3 6.6 
 
Figure 2 shows the optical absorptance of the intrinsic layer of the cell structures on different 
superstrates. Comparing the absorptance of the i-layer on the nano- and micro-textured superstrate (Fig. 
2(a)), we can see that the higher absorptance at short wavelengths results in a higher current density for 
the micro-textured surface. It should be taken into account that the dimension and resolution of the AFM 
image introduce some errors in the ARS simulation, especially at short wavelengths. While the presented 
test structure was not experimentally examined in this study, the result is in agreement with previous 
experimental observations which showed that the absorptance in the p-layer is higher when deposited on 
nano-textured superstrates compared to AIT micro-textured superstrates [14]. As it is shown in Fig. 2(b) 
the simulated data also shows that, at short wavelengths, the parasitic absorptance in p-layer plus the front 
TCO is larger for nano-textured superstrates. 
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Fig. 2. Simulated absorptance of (a) intrinsic layer and (b) parasitic absorption (TCO + p layer) of the defined single-junction 
amorphous silicon thin-film solar cell on planar, nano-textured and micro-textured superstrates.  
On the other hand, the absorptance at long wavelengths is increased compared to the planar sample 
due to the good light scattering achieved by both the nano-textured and the micro-textured superstrates. 
Our calculations show that in order to achieve a current density of 14 mA/cm2 (obtained for the cell on 
the micro-textured superstrate) on the planar superstrate, the i-layer thickness needs to be increased by 
more than a factor of two. This clearly shows that textured glass (or rough surfaces) contribute 
significantly to increased solar cell currents. In addition, they also allow to reduce the i-layer thickness. 
 
ASA simulations were also performed in order to calculate the optical absorption and the short-circuit 
current density of double-junction cells on different superstrates. The corresponding results are 
summarised in Table 2. The top and bottom cells were chosen in a way that the total i-layer thickness of 
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the double-junction and single-junction were the same. The top and bottom cell thicknesses were chosen 
in order to achieve current matching on the planar superstrate. The results show that the top cell current is 
slightly lower on the nano-textured superstrate compared to the planar superstrate but, as expected, the 
bottom cell current is higher. On the other hand, the same cell structure on micro-textured superstrate 
generates larger current densities on both top and bottom cell due to reduced parasitic absorption in the 
short-wavelength region and improved light trapping in the long-wavelength region. The results suggest 
that the morphology of the investigated AIT glass is more suitable for making double-junction solar cells 
than the investigated nano-textured TCO.  
Figure 3 shows the optical absorptance of the double-junction a-Si:H cells. The same discussion as for 
the single-junction cells holds here as well. The parasitic absorption enhancement for the nano-textured 
surface results in less current from the top cell, while we do not see this reduction for the cell structures 
simulated using micro-textured AIT glass. 
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Fig. 3 Simulated absorptance in the intrinsic layer of a double-junction amorphous silicon cell, simulated for a planar, a nano-
textured and a micro-textured superstrate.  
 
For the defined double-junction solar cell structure, in order to achieve the current density of 6.3 
mA/cm2 (obtained for the top cell on micro-textured superstrate) on the planar superstrate, the i-layer 
thicknesses need to be increased to 77 nm and 720 nm for the top cell and bottom cell, respectively. Since 
in a double-junction a-Si:H cell both the top and bottom junctions are of the same material, current 
matching for large currents always results in a very thick bottom cell, which is not suitable for cell 
fabrication due to very high recombination in a thick a-Si:H i-layer. As a result good light trapping for 
both top and bottom cell is essential for these types of cells. Our results suggest that, by using the AIT 
morphology, both the top cell current and the bottom cell current are increased, while the selected nano-
textured surface only helps to increase the bottom cell current. 
 
As expected, the top and bottom cell current densities do not match any more on the textured 
superstrates (Table 2). The current matching thicknesses as well as the generated currents for the total i-
layer thickness of 420 nm are given in Table 3. As can be seen, using a textured superstrate, a higher 
current is achievable with the thicknesses in the same order as for the planar superstrate. Comparing with 
the nano-textured superstrate, higher level of short-circuit current density is achievable on the AIT-
textured superstrate due to better light trapping and higher optical absorption in the top cell. 
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Table 3. Calculated current density and thicknesses of the cells on different superstrates after current matching 
Substrate 
Current density 
(mA/cm2) 
i-layer thickness (nm) 
Top cell Bottom cell 
Planar 5.5 60 360 
Nano-textured 6.2 65 355 
Micro-textured 6.5 64 356 
4. Conclusion 
Our results show that for the presented superstrate solar cell structures, AIT micro-textured surfaces 
have an advantage over nano-textured surfaces. The presented AIT micro-textured superstrate can 
enhance the long-wavelength light absorption slightly more than the presented nano-textured superstrate, 
and it also has an advantage on the light absorption of the intrinsic layer in the short-wavelength range. 
The advantage in the short-wavelength region seems to be due to reduced parasitic absorption for the 
same cell structure on AIT-textured superstrate compared to the nano-textured superstrate. According to 
our calculations, using an AIT micro-textured surface for the presented single-junction a-Si:H cell is 
equivalent to increasing the intrinsic layer thickness by more than 100%. For the double-junction cell, 
using the AIT micro-textured surface is equal to a 28% and a 100% thicker top and bottom cell on a 
planar superstrate, respectively. Our results suggest that using the AIT-textured superstrate, one can 
increase the current in a single- and double-junction cell by 14% and 18%, respectively, for the same total 
i-layer thickness. 
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